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(57) ABSTRACT 

A one-dimensional illumination apparatus includes: a light 
source including a plurality of laser devices arrayed one 
dimensionally; a Wavefront dividing unit including one or 
more cylindrical lens arrays for dividing a Wavefront of light 
emitted from the light source and superimposing divided 
Wavefronts; a Waveform superimposing unit for introducing 
light from the Wavefront dividing unit to an object and super 
imposing divided Wavefronts; and a polarization converting 
unit for rotating a plane of polarization of one laser beam of a 
pair of adjacent laser beams divided by the Wavefront divid 
ing unit. The polarization converting unit is located right in 
front of or right behind an optical element through Which laser 
light from the light source ?nally passes in the Wavefront 
dividing unit. 

8 Claims, 10 Drawing Sheets 
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ONE-DIMENSIONAL ILLUMINATION 
APPARATUS AND IMAGE GENERATING 

APPARATUS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains subject matter related to 
Japanese Patent Application JP 2006-244614 ?led in the 
Japanese Patent O?ice on Sep. 8, 2006, the entire contents of 
Which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a one-dimensional illumi 

nation apparatus using an array laser as a light source thereof 
to emit one-dimensional laser light. 

2. Description of the Related Art 
A method using a rod lens, a method using a mirror treated 

by a facet cutting process, a method using a lens array, and the 
like are knoWn as a method With Which one-dimensional laser 
beams, that is, linear laser beams With a uniform light inten 
sity distribution are obtained. In such a method, a laser light 
source is used, a Wavefront is divided, and the divided Wave 
fronts are superimposed to generate the linear laser beams. 
HoWever, in any of these methods, ?ne interference fringes 
are observed at the focused portion due to spatial coherence 
inherent in laser light. When a Wavefront is divided by a 
distance shorter than a spatial coherence distance of laser 
light, divided Wavefronts have interference on each other and 
interference fringes are generated When the divided Wave 
fronts are superimposed. 

HoWever, When a Wavefront is divided by a distance longer 
than the spatial coherence distance in actual laser light, since 
the coherence distance is not so small as compared With a 
diameter of a beam spot of laser light, it is dif?cult to obtain 
a suf?cient number of Wavefronts. Thus, When the divided 
Wavefronts are superimposed, suf?cient uniformity of light 
intensity may not be obtained. Also, even When the Wavefront 
is divided by a distance longer than the spatial coherence 
distance, spatial coherence may not be removed completely 
and interference still remains. 

Japanese Unexamined Patent Application Publication No. 
2006-49656 and Japanese Unexamined Patent Application 
Publication No. 2004-12757 propose methods of reducing 
interference fringes by combining divided Wavefronts (or 
Wavefronts to be divided) With an optical path difference 
longer than a time coherence distance. 

FIGS. 1 and 2 of the accompanying draWings shoW sche 
matic diagrams of optical systems of the above-described 
methods according to the related art. As shoWn in FIG. 1, laser 
light Lo emitted from a light source (not shoWn) passes 
through an optical path difference generation member 59, 
Which generates an optical path difference. Subsequently, a 
Wavefront thereof is divided by a pair of cylindrical lens 
arrays 52a and 52b, each having a function of dividing the 
Wavefront and superimposing divided Wavefronts. After 
Ward, an object 54 is illuminated With the laser light passing 
through a focusing lens 53. As shoWn in FIG. 2, the optical 
path difference generation member 59 can be located betWeen 
the cylindrical lens arrays 52a and 52b. 

SUMMARY OF THE INVENTION 

HoWever, it is typical for actual lasers to have a time coher 
ence distance of several centimeters or more. Accordingly, in 
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2 
order to obtain a length dp extended in the direction along the 
light path of the optical path difference generation member 59 
shoWn in FIGS. 1 and 2, a space for the optical path difference 
generation member 59 may be required, Which is disadvan 
tageous for reducing the siZe of an apparatus. Also, in the case 
Where laser beams are not completely collimated, as shoWn in 
FIG. 1, laser light Ls re?ected on the side surface of the 
optical path difference generation member 59 may become 
stray light. Further, a light path With the optical path differ 
ence generation member 59 as shoWn by a broken line E in 
FIG. 2 and a light path Without an optical path difference 
generation member have different optical distances, and 
therefore, ef?ciency at Which laserbeams are superimposed is 
not high, and as a result, ef?ciency in using light may be 
loWered. 
A one-dimensional illumination apparatus is provided 

including laser devices arranged one-dimensionally as a light 
source. In particular, this one-dimensional illumination appa 
ratus is used to illuminate a one-dimensional light modulation 
apparatus With a desired light intensity distribution to gener 
ate one-dimensional image light that is applied to an image 
generating apparatus Which scans and projects images onto a 
suitable display apparatus such as a screen. In such case, there 
is a risk that an image is not displayed satisfactorily due to the 
above-described stray light and loWered e?iciency in using 
light. 

In vieW of the above, it is desirable to provide a one 
dimensional illumination apparatus Which can reduce inter 
ference fringes by dividing a Wavefront and superimposing 
divided Wavefronts Without loWering ef?ciency in using light. 
Further, it is desirable to provide an image generating appa 
ratus using the one-dimensional illumination apparatus and 
Which can generate images by using illumination light With 
interference fringes being suppressed. 

According to an embodiment of the present invention, 
there is provided a one-dimensional illumination apparatus 
including a light source, a Wavefront dividing unit, a Wave 
form superimposing unit and a polariZation converting unit. 
The light source includes a plurality of laser devices one 
dimensionally arrayed. The Wavefront dividing unit includes 
one or more cylindrical lens arrays for dividing a Wavefront of 
light emitted from the light source and superimposing divided 
Wavefronts. The Waveform superimposing unit introduces 
light from the Wavefront dividing unit to an object and super 
imposing divided Wavefronts. The polariZation converting 
unit rotates a plane of polariZation of one laser beam of a pair 
of adjacent laser beams divided by the Wavefront dividing 
unit. Further, the polariZation converting unit is located right 
in front of or right behind an optical element through Which 
laser light from the light source passes ?nally in the Wavefront 
dividing unit. 

According to the embodiment of the present invention, tWo 
adjacent light paths for a divided Wavefront constitute one set 
and a plane of polariZation of a laser beam on one light path is 
rotated 90 degrees, for example, by the polariZation convert 
ing unit, thereby reducing interference With a laser beam on 
the other light path. 

Further, according to an embodiment of the present inven 
tion, the position, at Which the polariZation converting unit is 
located, is determined as folloWs. Accordingly, in the case 
Where the optical element through Which light from the light 
source ?nally passes in the Wavefront dividing unit includes, 
for example, tWo cylindrical lens arrays, the polariZation con 
ver‘ting unit is located right in front of or right behind the 
second cylindrical lens array. Therefore, there is a small risk 
that divided laser light be re?ected on the comer and the like 
of the polariZation converting unit, thereby controlling the 
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occurrence of stray light and preventing ef?ciency in using 
light from being lowered. A space betWeen the polarization 
converting unit and the optical element such as the cylindrical 
lens array may be a distance Within a range in Which divided 
laser light may be prevented from re?ecting on the corner 
portion of the polarization converting unit or the like. 

In particular, in the case Where the polarization converting 
unit is located right behind the optical element, a difference 
betWeen optical path lengths of light the polarization plane of 
Which is rotated by the polarization converting unit and of 
light the polarization plane of Which is not rotated can be 
reduced. Accordingly, difference in magni?cation and posi 
tional displacement on the object illuminated can be sup 
pressed, thereby reducing interference fringes reliably With 
out deteriorating ef?ciency in using light. 

Further, preferably the one-dimensional illumination 
apparatus according to an embodiment of the present inven 
tion is provided to satisfy an equation of 

Where 6 is an angle at Which each laser light emitted from 
each laser device of the light source is focused or caused to 
diverge, 11) is an angle at Which laser beams emitted from all 
the laser devices of the light source are focused or caused to 
diverge and NA is a numerical aperture of a cylindrical lens 
array on the light incident side provided to the Wavefront 
dividing unit. 

According to the above-described arrangement, all laser 
light emitted from a plurality of laser devices can ef?ciently 
be incident on the cylindrical lens arrays of the Wavefront 
dividing unit. 

Further, the one-dimensional illumination apparatus 
according to an embodiment of the present invention, it is 
desirable that laser light emitted from one laser device of the 
light source be incident over tWo or more and less than four 
lens cells of the cylindrical lens array. 

In the case of the above-described arrangement, laser light 
emitted from one laser device is divided into light beams, and 
the light beams entering into adjacent pixels can be prevented 
from interfering With each other by the action of the polar 
ization converting unit even if they are superimposed after 
being divided, and hence interference fringes can be reduced 
reliably. In the case of laser light emitted from one laser 
device is incident over three lens cells, since intensity of laser 
light incident on the lens cells on both sides are smaller than 
that of laser light incident on the central lens cell, an in?uence 
of the interference fringes is negligible. 
On the other hand, When laser light is incident over four or 

more lens cells, since intensity of laser light incident on 
alternate lens cells may not be loW, there is a risk that inter 
ference fringes may not be reduced su?iciently. If laser light 
emitted from one laser device is incident on less than tWo lens 
cells, then intensity of laser light is not suf?ciently uniform 
after dividing the Wavefront and superimposing divided 
Wavefronts, and the effect of reducing interference fringes 
may not be obtained suf?ciently. 

Accordingly, if the one-dimensional illumination appara 
tus is con?gured such that laser light emitted from one laser 
device of the light source is incident on tWo or more and less 
than four lens cells of the cylindrical lens array, then it is 
possible to suppress interference fringes most e?iciently. 

Further, according to another embodiment of the present 
invention, there is provided an image generating apparatus 
including a light source, a one-dimensional illumination 
apparatus, a one-dimensional light modulation apparatus, a 
projection optical unit and a scanning optical unit, and using 
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4 
the one-dimensional illumination apparatus having the 
arrangement according to an embodiment of the present 
invention. 

According to an embodiment of the image generating 
apparatus of the present invention, it is possible to generate 
images using illumination light the interference of Which is 
reduced Without deteriorating ef?ciency in using light in the 
one-dimensional illumination apparatus. 

According to an embodiment of the one-dimensional illu 
mination apparatus of the present invention, it is possible to 
reduce interference fringes by dividing a Wavefront and 
superimposing divided Wavefronts Without deteriorating e?i 
ciency in using light. 

According to an embodiment of the image generating 
apparatus of the present invention, it is possible to generate 
images using illumination light the interference fringes of 
Which are reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing an optical system of 
an example of an illumination apparatus in Which interfer 
ence fringes can be reduced by dividing a Wavefront and 
superimposing divided Wavefronts according to the related 
art; 

FIG. 2 is a schematic diagram shoWing an optical system of 
another example of an illumination apparatus in Which inter 
ference fringes can be reduced by dividing a Wavefront and 
superimposing divided Wavefronts according to the related 
art; 

FIG. 3 is a schematic diagram shoWing an optical system of 
an example of a fundamental arrangement of a one-dimen 
sional illumination apparatus; 

FIG. 4 is a schematic diagram shoWing an optical system of 
another example of a fundamental arrangement of a one 
dimensional illumination apparatus; 

FIG. 5 is a schematic diagram shoWing a state in Which 
interference occurs in an optical system of an example of a 
one-dimensional illumination apparatus; 

FIG. 6 is a schematic diagram shoWing an example of a 
one-dimensional illumination apparatus according to an 
embodiment of the present invention; 

FIG. 7 is a schematic diagram shoWing main portions of an 
example of a one-dimensional illumination apparatus accord 
ing to the embodiment of the present invention; 

FIG. 8 is a schematic diagram shoWing main portions of an 
example of a one-dimensional illumination apparatus accord 
ing to the embodiment of the present invention; 

FIG. 9 is a schematic diagram shoWing main portions of an 
example of a one-dimensional illumination apparatus accord 
ing to the embodiment of the present invention; 

FIG. 10A is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention and 
FIG. 10B is a diagram shoWing a light intensity distribution in 
an area shoWn by a broken line C in FIG. 10A; 

FIG. 11A is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention, and 
FIG. 11B is a diagram shoWing a light intensity distribution in 
an area shoWn by a broken line D in FIG. 11A; 

FIG. 12 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 13 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 
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FIG. 14 is a schematic diagram showing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 15 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 16 is a schematic diagram shoWing an example of an 
optical delay loop; 

FIG. 17 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 18 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 19 is a schematic diagram shoWing main portions of 
an example of a one-dimensional illumination apparatus 
according to the embodiment of the present invention; 

FIG. 20 is a diagram shoWing a light intensity distribution 
in an illumination apparatus according to the related art; 

FIG. 21 is a diagram shoWing a light intensity distribution 
in a one-dimensional illumination apparatus according to the 
embodiment of the present invention; 

FIG. 22 is a schematic perspective vieW shoWing an 
arrangement of an example of an image generating apparatus 
according to the embodiment of the present invention; 

FIG. 23 is a schematic perspective vieW shoWing main 
portions of an example of a one-dimensional light modulation 
apparatus; 

FIG. 24 is a schematic cross-sectional vieW shoWing main 
portions of an example of a one-dimensional light modulation 
apparatus; and 

FIG. 25 is a schematic cross-sectional vieW showing main 
portions of another example of a one-dimensional light 
modulation apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention Will be described 
beloW, but it should be appreciated that the present invention 
is not limited to the embodiments described beloW. 

First, prior to the description of a one-dimensional illumi 
nation apparatus according to an embodiment of the present 
invention, a one-dimensional illumination apparatus having a 
fundamental arrangement to divide a Wavefront and to super 
impose divided Wavefronts Will be described With reference 
to schematic diagrams of FIGS. 3, 4 and 5. 

In such examples, light Lo is emitted from a light source. In 
the ?gures, an arroW x shoWs an x-axis representing a longi 
tudinal direction of light, and light is emitted in a single 
transverse mode in a y-axis direction shoWn by an arroW y 
perpendicular to the longitudinal direction and outgoes in a 
z-axis direction shoWn by an arroW Z as a one-dimensional 

(linear) laser beam. The light Lo is divided in Wavefront along 
the x-axis direction, that is, one-dimensional direction, and 
respective divided Wavefronts are superimposed to illuminate 
an object, for example, a one-dimensional light modulation 
apparatus. FIGS. 3 and 4 shoW cross-section along the direc 
tion in Which the Wavefront is divided and along the direction 
in Which the Wavefront advances (optical axis). 

In the examples shoWn in FIGS. 3 and 4, a Wavefront 
dividing unit 57 includes a pair of cylindrical lens arrays 52a 
and 52b and these cylindrical lens arrays 52a and 52b are 
located at each other’s focal points. Also, a Wavefront super 
imposing unit 58 has a fundamental arrangement formed of a 
single focusing lens 53 such as a convex lens as shoWn in FIG. 
3. Alternatively, the Wavefront superimposing unit 58 has a 
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6 
fundamental arrangement formed of a combination of tWo 
optical lenses 55 and 56 such as plano-convex lenses. Further, 
an optical system having various other arrangements also can 
be used. The Wavefront superimposing unit 58 may be 
required to have a function of superimposing the divided 
Wavefronts at desired positions on an object 54 to be illumi 
nated. 
As shoWn in FIG. 5, if a Wavefront is divided and afterWard, 

divided Wavefronts are superimposed, interference fringes 
may be generated When the divided Wavefronts are superim 
posed, since adjacent laser beams have interference. In FIG. 
5, elements and parts corresponding to those in FIGS. 3 and 4 
are denoted by the same reference numerals and are not 
described repeatedly. 

FIG. 6 is a schematic diagram shoWing an example of a 
one-dimensional illumination apparatus according to an 
embodiment of the present invention. Also in this case, an 
arroW x shoWs an x-axis representing a longitudinal direction 
of light, and light Lo is emitted in a single transverse mode in 
a y-axis direction shoWn by an arroW y perpendicular to the 
longitudinal direction, and outgoes in a z-axis direction 
shoWn by an arroW Z as a one-dimensional (linear) laser beam. 
Further, a one-dimensional illumination apparatus 10 shoWn 
in FIG. 6 includes a pair of cylindrical lenses 4a and 4b as a 
Wavefront dividing unit 21 and a focusing lens 6 formed of a 
suitable lens such as a plano-convex lens as a Wavefront 
superimposing unit 22. A polarization converting unit 5 for 
rotating a plane of polarization of an adjacent laser beam 
approximately 90 degrees is located right in front of or right 
behind, in this case, right behind the cylindrical lens array 4b 
of the cylindrical lenses 4a and 4b, Which is the last optical 
element through Which light passes. As the polarization con 
verting unit 5, it is possible to use a Wavelength ?lm, a thin 
?lm Wave plate, a crystal Wave plate, a Fresnel rhomb and the 
like. Alternatively, a polarization converting device such as a 
Wavelength ?lm may be provided to a part of a light trans 
missible substrate having no polarization converting func 
tion. Since the polarization converting unit 5 With the above 
described arrangement is located right behind the cylindrical 
lens array 4b, it is possible to reduce interference even When 
Wavefronts of the adjacent laser beams LA and LB are super 
imposed on an object 11. It should be noted that any polar 
ization converting units may be used as the polarization con 
verting unit 5 as long as they have a function of rotating a 
plane of polarization approximately 90 degrees. Hence, the 
polarization converting unit is not limited to the above-de 
scribed example of the polarization converting unit 5. Also, it 
is most desirable that a plane of polarization should be rotated 
90 degrees. HoWever, even When a plane of polarization is not 
rotated 90 degrees accurately, there can be obtained the effect 
to reduce interference. 

FIG. 7 is a schematic diagram shoWing main portions of the 
one-dimensional illumination apparatus in an enlarged-scale. 
In this case, since the laser beams LA and LB tend to pass 
through other portions than comerportions (edges), as shoWn 
by broken lines A and B, of the inserted polarization convert 
ing unit 5, the laser beams LA and LB can be controlled not to 
be scattered, and hence occurrence of stray light can be sup 
pressed. A space betWeen the polarization converting unit 5 
and the cylindrical lens array 4b may be selected in the range 
in Which the laser beams LA and LB can be prevented from 
being applied to the corner portions of the polarization con 
verting unit 5. In particular, in the case Where the polarization 
converting unit 5 is not located right in front of the cylindrical 
lens array 4b but located right behind the cylindrical lens 
array 4b as shoWn in this example, the optical path length is 
not changed Within the Wavefront dividing unit 21. Accord 



US 7,6l6,379 B2 
7 

ingly, difference in magni?cation and positional displace 
ment are hardly generated at the focusing position and the 
above-described arrangement is the most preferable arrange 
ment. In FIG. 7, elements and parts corresponding to those in 
FIG. 6 are denoted by the same reference numerals and are not 
described repeatedly. 

Further, FIG. 8 shoWs an example of main portions of a 
one-dimensional illumination apparatus according to an 
embodiment of the present invention. As shoWn in FIG. 8, in 
the case Where dsc is a spatial coherence distance of laser light 
used, it is desirable that a pitch PL of the lens cells of the 
cylindrical lens arrays 4a and 4b should be approximately 1/2 
the spatial coherence distance dsc. According to this arrange 
ment, the occurrence of interference fringes can be sup 
pressed most e?iciently by rotating the plane of polarization 
of one of the adjacent laser beams LA and LB about 90 
degrees. In actual practice, since interference of laser light is 
not removed completely at a pitch larger than the spatial 
coherence distance, if the pitch of the lens cell is smaller than 
1/2 the spatial coherence distance, interference can be sup 
pressed to a certain degree. HoWever, in order to suppress 
interference With high reliability, it is desirable that P Lads 6/ 2 
should be satis?ed. 

Further, FIG. 9 is a schematic diagram of main portions of 
a one-dimensional illumination apparatus according to an 
embodiment of the present invention. As shoWn in FIG. 9, a 
divergent angle 6 of respective laser devices one-dimension 
ally arrayed to form the light source 1 may not be parallel to 
the direction in Which the Wavefront is divided. The angle 6 
may be expanded to be someWhat smaller than a coupling 
angle 4) of the cylindrical lens array 411 forming the Wavefront 
dividing unit, and laser light may be incident on the cylindri 
cal lens array 411 at that angle. In this regard, 62¢ should be 
satis?ed, Where 6 is the divergent angle of the laser device. In 
FIG. 9, elements and parts corresponding to those in FIG. 6 
are denoted by the same reference numerals and are not 
described repeatedly. The smaller the difference betWeen the 
divergent angle 6 of the laser device and the coupling angle 4) 
of the cylindrical lens arrays 4a and 4b becomes, the more 
effectiveness for reducing interference fringes is obtained. If 
the divergent angle 6 of the laser device is selected to be larger 
than the coupling angle 4) of the cylindrical lens array 411 to 
satisfy e>q>, then part of light becomes stray light, causing a 
loss of e?iciency in the optical system. It shouldbe noted that, 
in order to reliably suppress the occurrence of stray light, the 
divergent angle 6 of the laser device should be more desirably 
selected to satisfy e<q>. 

In the case Where light is incident on the cylindrical lens 
array 411 from the light source in the form of parallel rays of 
light, even if interference fringes are reduced by the above 
described arrangement, interference fringes may be gener 
ated by slightly-remaining interference. 
On the other hand, if light emitted from the light source has 

the focusing or divergent angle 6, it is possible to reduce 
intensity of interference of remaining interference fringes. 
Also, as a secondary effect, there can be obtained an effect of 
light not being affected by surface roughness of the cylindri 
cal lens array. This secondary effect Will be described With 
reference to FIGS. 10A, 10B and FIGS. 11A, 11B. 

FIG. 10A shoWs a case in Which parallel light La,l is inci 
dent on a cylindrical lens array. A laser beam divided by one 
lens cell 4al of the cylindrical lens array 411 is focused on the 
surface of one lens cell 4b 1 of the other cylindrical lens array 
4b at its relatively small area. Therefore, the beam is easily 
affected by surface roughness and dusts and smudges on the 
surface of the cylindrical lens array. Accordingly, a light 
intensity distribution of an area shoWn by a broken line C in 
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8 
FIG. 10A has a light intensity distribution With a high peak as 
shoWn in FIG. 10B so that intensity of interference increases. 
On the other hand, in the case Where focusing or diverging 

light, in this illustrated example, diverging light La,2 is inci 
dent on a cylindrical lens array as shoWn in FIG. 11A, it is 
focused on the surface of one lens cell 4bl of the cylindrical 
lens array 4b at its relatively Wide area. Therefore, the beam is 
not easily affected by surface roughness and dusts and 
smudges on the surface of the cylindrical lens array. Further, 
a light intensity distribution of an area shoWn by a broken line 
D in FIG. 11A has a broad light intensity distribution With a 
relatively loW peak so that intensity of interference can be 
suppressed. 
According to an embodiment of the present invention, a 

light source includes a plurality of laser devices arrayed one 
dimensionally. Laser beams emitted from all laser devices 
may not be parallel to each other, but the Whole of laser beams 
may have the focusing or divergent angle 11). FIG. 12 is a 
schematic diagram shoWing main portions of a one-dimen 
sional illumination apparatus according to this embodiment. 
In this regard, preferably, an equation of cos {(1p+6)/2}§NA 
should be satis?ed, where 11) is a focusing or divergent angle 
formed by respective laser lights Lbl, Lb2 and Lb3 emitted 
from a plurality of laser devices, 6 is a focusing or divergent 
angle of laser light from each laser device and NA is the 
numerical aperture of the cylindrical lens array 411 on the light 
incident side provided to a Wavefront dividing unit. 

According to the above-described arrangement, all laser 
light emitted from a plurality of laser devices can ef?ciently 
be incident on the cylindrical lens arrays of the Wavefront 
dividing unit. 

Also, it is desirable that laser light shouldbe incident on the 
cylindrical lens array at an angle in Which a sum of the 
divergent angle 11) and the focusing or divergent angle 6 of 
laser light of each laser device may be Within the coupling 
angle 11) of the cylindrical lens array 411 provided to the Wave 
front dividing unit. Speci?cally, the angle 11) is selected to 
satisfy a relationship represented by 

It should be noted that any of these angles 11), 6 and q) is an 
angle formed With a direction parallel to the optical axis 
direction of the cylindrical lens. 

Laser light from the light source may have the focusing or 
divergent angle 11) through optical elements such as prisms 
and mirrors, or by arranging laser devices With an angle in 
betWeen. According to the above-described arrangement, 
effects similar to those described above can be obtained. 

FIG. 13 is a schematic diagram shoWing main portions of a 
one-dimensional illumination apparatus according to an 
embodiment of the present invention. In this embodiment, a 
laser light source such as a semiconductor laser bar in Which 
a laser device is integrated With a light source is used as a light 
source, as shoWn in FIG. 13, and a collimator lens 13 is 
arranged in front of the light exit end of each laser device 12. 
Laser light emitted from each laser device 12 has a divergent 
angle 6E determined by the siZe of the laser device 12 and a 
focal length of the collimator lens 13. In particular, since laser 
light With high output is generated from the laser device 12 of 
relatively large siZe, the divergent angle 6E thereof may be 
relatively large. 

FIG. 14 is a schematic diagram shoWing a one-dimensional 
illumination apparatus according to an embodiment of the 
present invention. In this case, as shoWn in FIG. 14, stray light 
can be suppressed by a Wavefront dividing unit formed of the 
cylindrical lens array 411 having a coupling angle 4) that sat 
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is?es eE§q>, more desirably 6E<¢ With respect to the diver 
gent angle 6E determined by the siZe of the laser device 12 and 
the focal length of the collimator lens 13. 

Further, at that time, it is desirable that the divergent angle 
SE of the laser device 12 and a distance dLS betWeen the laser 
device 12 and the cylindrical lens array 411 should be set such 
that the laser beam L E emitted from one laser device 12 may 
be incident on tWo or more and less than four lens cells of the 
cylindrical lens array 4a, that is, lens cells 4al and 4112, or lens 
cells 4111, 4112 and 4113. 

If the one-dimensional illumination apparatus is con?g 
ured such that laser light may be incident on tWo or more lens 
cells of the cylindrical lens array, then it is possible as 
described above to obtain one-dimensional illumination light 
With a more uniform light intensity distribution by the effects 
obtained When a Wavefront is divided and divided Wavefronts 
are superimposed. In addition, the effects to reduce interfer 
ence fringes can be obtained su?iciently. 

Speci?cally, laser light emitted from one laser device is 
incident on adjacent tWo lens cells 411 1 and 4112. Light incident 
on the lens cell 4al is prevented from interfering With light 
incident on the lens cell 4112 through the action of the polar 
iZation converting unit 5, thereby reducing interference 
fringes reliably. In the case Where light emitted from one laser 
device is incident on the three lens cells 4111, 4112 and 4113, 
since light incident on the lens cell 4al and light incident on 
the 4113 on both sides are relatively loW in intensity as com 
pared With light incident on the central lens cell 4112, in?uence 
caused by interference fringes is small. 
On the other hand, in the case Where light is incident over 

four or more lens cells, since intensity of light incident on 
every other lens cells may not be su?iciently small, there is a 
risk that interference fringes Will not be reduced adequately. 
Further, in the case Where light emitted from one laser device 
is incident on less than tWo lens cells, intensity may not be 
suf?ciently uniform after dividing the Wavefront and super 
imposing divided Wavefronts, and therefore, the effect to 
reduce interference fringes may not be obtained suf?ciently. 

Accordingly, interference fringes can be suppressed most 
e?iciently With the arrangement in Which light emitted from 
one laser device is incident on tWo or more and less than four 
lens cells as described above. 

Speci?cally, the arrangement represented by 

SE54) 

preferably 

should be obtained, Where dLS is a distance betWeen the 
laser device 12 and the cylindrical lens array 4a, P L is a pitch 
of the lens cells of the cylindrical lens array 411 and GE is a 
divergent angle of the laser device 12. 

According to such arrangement, occurrence of interference 
fringes can be suppressed reliably, occurrence of stray light 
can be suppressed, and e?iciency in using light can be pre 
vented from loWering or suppressed. 

HoWever, if laser light incident on the cylindrical lens array 
of the Wavefront dividing unit has the focusing or divergent 
angle 6 as described above, then in the case Where a distance 
betWeen a light source and a cylindrical lens array is relatively 
long, the folloWing problem may arise. For example, as 
shoWn in FIG. 15, When dl4 is a distance betWeen the light 
source and the cylindrical lens array 4a, a Width of a laser 
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10 
beam Ld incident on the cylindrical lens array 411 is expressed 
as dl4><tan 6 (6 is a divergent angle). At that time, there may 
be a case in Which due to design limits in actual apparatus, the 
Width of the laser beam and the pitch of the lens cells of the 
cylindrical lens array may not be matched With design values. 
In FIG. 15, elements and parts corresponding to those in FIG. 
6 are denoted by the same reference numerals and are not 
described repeatedly. 

Further, in the case Where a mirror to fold an optical system 
is provided betWeen the light source and the cylindrical lens 
array in order to reduce the apparatus in siZe, for example, if 
laser light has the above-described divergent angle, then there 
may be caused a disadvantage that the mirror becomes large 
in siZe. 
As shoWn in FIG. 16, there may also be caused a disadvan 

tage in the case Where an optical delay loop is inserted into the 
optical system in order to reduce speckle as Well.As shoWn in 
FIG. 16, light L emitted from the light source 1 passes through 
a Wave-plate 23 and is separated by a polariZing beam splitter 
24. Subsequently, the light is re?ected by mirrors 25 to 28, 
passes through a delay loop as shoWn by arroWs L24 to L28, is 
again re?ected by the polariZing beam splitter 24 and emitted 
as light L29 the speckle of Which is suppressed. In the case of 
providing such optical delay loop, if light from the light 
source has the divergent angle as described above, each opti 
cal element should be made large in siZe. In addition, since a 
part of laser beams has a different distance dl4 due to the 
length of the optical delay loop, there may be such a problem 
that the beam Width on the cylindrical lens array becomes 
different. 

In order to avoid the above-described problems, it is desir 
able to provide optical elements having functions as 
described beloW. Speci?cally, such elements as a convex or 
concave lens and a prism having a function of increasing the 
divergent angle 6 of laser light should be located so that laser 
beams emitted from the light source may be parallel or sub 
stantially parallel and may have a predetermined divergent 
angle near the cylindrical lens array of the Wavefront dividing 
unit. FIGS. 17 and 18 are schematic diagrams shoWing 
examples in Which the concave lens 2 and the convex lens 3 
are provided as optical elements, respectively. In FIGS. 17 
and 18, elements and parts corresponding to those in FIG. 6 
are denoted by the same reference numerals and are not 
described repeatedly. 

Since parallel light is emitted from the light source 1 and 
the above-described optical elements are disposed, respective 
distances dl2 and dl3 betWeen the light source 1 and these 
optical elements (concave lens 2 and convex lens 3) can be 
maintained suf?ciently. Also, in the case Where a mirror or 
other elements are inserted betWeen the light source and the 
Wavefront dividing unit, the mirror and the like need not be 
made large in siZe more than necessity. In addition, if laser 
beams With different optical path lengths are incident on the 
cylindrical lens array in such a case of inserting the optical 
delay loop or the like into the optical system, diameters of 
laser beams can be made substantially the same and hence, 
interference fringes can be reduced e?iciently. 

FIG. 19 is a schematic diagram shoWing main portions of a 
one-dimensional illumination apparatus according to an 
embodiment of the present invention. As shoWn in FIG. 19, in 
the case of using the cylindrical lens array as the Wavefront 
dividing unit, an optical element 14 may be integrally formed 
With the light incident surface of the ?rst cylindrical lens array 
411 to have a function of expanding the divergent angle of laser 
beams up to a predetermined angle. The optical element 14 
may have the shape of a convex or concave lens. If such 
optical assembly having the function of focusing light or 
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causing light to diverge is used, then it is possible to improve 
adjustment ef?ciency by reducing the number of planes of 
optical elements. In addition, it is possible to improve free 
dom in design of respective optical elements. 

With the above-described arrangement, When laser beams 
are superimposed at the Wavefront superimposing unit, it is 
possible to carry out e?icient and uniform one-dimensional 
illumination With the least interference fringes. 

Providing the light source 1 and the Wavefront dividing 
units (cylindrical lens arrays) 4a and 4b located as described 
above and providing the polarization converting device that 
rotates a plane of polarization approximately 90 degrees 
located right behind the cylindrical lens array 4b as the polar 
ization converting unit 5 shoWn in FIG. 6, interference fringes 
can be suppressed considerably. FIGS. 20 and 21 illustrate 
such state. FIG. 20 shoWs a light intensity distribution of a 
related-art one-dimensional illumination apparatus Without a 
polarization converting unit, and FIG. 21 shoWs a light inten 
sity distribution of a one-dimensional illumination apparatus 
according to an embodiment of the present invention, respec 
tively. It is understood that interference fringes are reduced 
considerably according to the embodiment of the present 
invention as shoWn in FIG. 21, as compared With the com 
parative example shoWn in FIG. 20. 
As heretofore described, according to embodiments of the 

one-dimensional illumination apparatus of the present inven 
tion, the folloWing effects can be obtained: 

(1) The polarization converting unit for rotating the plane 
of polarization approximately 90 degrees is used and, in par 
ticular, the polarization converting unit is located right in 
front of or right behind the optical element through Which 
light from the Wavefront dividing unit passes ?nally. Accord 
ingly, occurrence of interference fringes can be suppressed 
reliably and occurrence of stray light can be suppressed. In 
particular, With the polarization converting unit located right 
behind the last optical element, the optical path length is not 
changed Within the Wavefront dividing unit. Therefore, dif 
ference in magni?cation and positional displacement on the 
focused position hardly occur and interference fringes can be 
reduced Without deteriorating ef?ciency in using light. 

(2) The one-dimensional illumination apparatus may be 
con?gured to satisfy the equation of 

Where 6 is an angle at Which each laser light emitted from 
each laser device of the light source is focused or caused to 
diverge, 11) is an angle at Which laser beams emitted from all 
the laser devices of the light source are focused or caused to 
diverge and NA is a numerical aperture of a cylindrical lens 
array on the light incident side provided to the Wavefront 
dividing unit. With the above-described arrangement, all laser 
light emitted from a plurality of laser devices can ef?ciently 
be incident on the cylindrical lens arrays of the Wavefront 
dividing unit. 

(3) Laser light emitted from one laser device of the light 
source is incident over tWo or more and less than four lens 
cells of the cylindrical lens array. Accordingly, interference 
fringes can be suppressed most e?iciently. 

(4) The equation of 

1p+6 24> 

is satis?ed, Where 6 is an angle at Which each laser light 
emitted from each laser device of the light source is focused 
or caused to diverge, 11) is an angle at Which laser beams 
emitted from all the laser devices of the light source are 
focused or caused to diverge and q) is a coupling angle of the 
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cylindrical lens arrays. Accordingly, occurrence of stray light 
can be suppressed and interference fringes can be reduced 
e?iciently. 

(5) Intensity of interference in interference fringes can be 
loWered by diverging or focusing laser beams incident on the 
Wavefront dividing unit. Further, since the area of a laser 
beam Which passes the cylindrical lens array is expanded, it is 
possible to alleviate in?uences caused by surface roughness, 
surface accuracy of the cylindrical lens array and dusts and 
smudges thereon. 

(6) The optical element by Which a divergent angle of laser 
light can be set to a desired angle is located near the cylindri 
cal lens array. Accordingly, interference fringes can be 
reduced ef?ciently Without being limited by the layout. 

(7) In order to obtain the above-described effect (6), the 
optical element having the function of focusing laser light or 
causing laser light to diverge is integrally formed With the 
cylindrical lens array. Accordingly, the number of planes 
through Which light passes can be reduced, thereby improv 
ing ef?ciency of assembling Work, since the number of 
adjustment processes can be reduced. Further, a space in 
Which respective optical components are arranged can be 
reduced, Which can contribute to reduction in Weight and size 
of the one-dimensional illumination apparatus. 

Next, an image generating apparatus according an embodi 
ment of the present invention, Which uses the above-de 
scribed one-dimensional illumination apparatus to obtain an 
image signal, Will be described With reference to FIGS. 22 to 
25. 
As shoWn in FIG. 22, an image generating apparatus 50 

includes a one-dimensional illumination apparatus 10, a light 
modulation unit 55, and a scanning optical unit 56. The one 
dimensional illumination apparatus 10 includes a light source 
1 and an illumination optical system 20 including the above 
described Wavefront dividing unit and Wavefront superimpos 
ing unit. The light modulation unit 55 includes a diffraction 
grating one-dimensional light modulation apparatus 51, for 
example, and a light selecting unit 52. The scanning optical 
unit 56 includes a projection optical unit 53 and a scanning 
device 54. As the light source 1, there may be used an array 
laser in Which a plurality of semiconductor laser devices are 
one-dimensionally arrayed or a semiconductor laser bar in 
Which respective laser devices are integrally formed. It should 
be noted that laser light emitted from the laser devices one 
dimensionally arrayed may be incident on a resonator having 
a Wavelength converting device such as a non-linear optical 
device and a laser medium through the illumination optical 
system 20 of the one-dimensional illumination apparatus 10 
having the arrangement according to an embodiment, thereby 
emitting higher harmonic Waves. 

Light Lo emitted from the light source 1 passes through the 
one-dimensional illumination apparatus 10, and the one-di 
mensional light modulation apparatus of the diffraction grat 
ing type arrangement, for example, is illuminated With one 
dimensional (linear) light beams. 
The diffraction grating light modulation apparatus 51 is 

actuated based on an image signal generated at an external 
calculating unit 150 in response to a signal Sp supplied from 
a driving circuit (not shoWn). In the case of the diffraction 
grating light modulation apparatus 51, diffracted light is inci 
dent on the light selecting unit 53. It should be noted that, in 
the case of using light of three primary colors, for example, 
light from a light source of each color may pass through a 
one-dimensional illumination apparatus and light modulation 
apparatus for each color, and then light beams are superim 
posed by a color superimposing unit such as an L-shaped 
prism to be emitted to the light selecting unit. 
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The light selecting unit 52 is formed of an Offner relay 
optical system or the like and includes a spatial ?lter (not 
shown) such as a Schlieren ?lter. The light selecting unit 52 
selects, for example, +?rst-order light to be emitted as one 
dimensional image light Lm. Further, the one-dimensional 
image light Lm is magni?ed by the projection optical unit 53, 
scanned by the scanning device 54 in the scanning optical unit 
56 as shoWn With L1, L2, . . . Ln_l, Ln, While the scanning 
device 54 is rotated in the direction shoWn by an arroW r in 
FIG. 22. Accordingly, a tWo-dimensional image 57 is gener 
ated on an image generation surface 100 such as a screen. The 
scanning is performed on the image generation surface 100 as 
shoWn by an arroW s in FIG. 22. A galvano-mirror, a polygon 
mirror or the like can be used as scanning device 54. Further, 
a resonant scanner Which is resonated With an electromagnet 
or the like to perform scanning may also be used. 

An example of a one-dimensional light modulation appa 
ratus for use in such image generating apparatus Will be 
described With reference to FIGS. 23 to 25. FIG. 23 is a 
schematic perspective vieW shoWing an arrangement of a 
light modulation device forming the light modulation appa 
ratus according to an embodiment of the present invention. As 
shoWn in FIG. 23, a light modulation device 60 includes a 
substrate made of a material such as silicon. A common 
electrode 63 formed of a material such as a polysilicon thin 
?lm is formed on the substrate of the light modulation device 
60. Strip-shaped ?rst electrodes 61a, 61b and 610 and second 
electrodes 62a, 62b and 620 With re?ective ?lms formed on 
the surfaces thereof are alternately formed With a predeter 
mined space betWeen them and the common electrode 63. 
The ?rst electrodes 61a, 61b and 610 have a ?xed potential 
and are grounded, for example. The second electrodes 62a, 
62b and 620 are formed as movable electrodes, that is, mov 
able portions and connected to a drive voltage poWer supply 
65. 

In the case of the light modulation device 60 having the 
above-described arrangement, the ?rst electrodes 61a, 61b 
and 610 are ?xed, for example, so that the height of the 
re?ective surface is invariable. The second electrodes 62a, 
62b and 620 can be moved or bent toWard the common elec 
trode 63 due to force of attraction or repulsion caused by 
electrostatic force corresponding to a drive voltage so that a 
height of the re?ective surfaces (for example, a space betWeen 
them and the substrate) of the second electrodes 62a, 62b and 
620 can be changed. The light modulation device 60 can 
function as a diffraction grating having a constant pitch and 
having a depth capable of being varied by moving or bending 
the second electrodes 62a, 62b and 620. 

It should be noted that in the light modulation device 60 the 
second electrodes 62a, 62b and 620 are modulated for one 
pixel in the light modulation apparatus, in response to pixel 
signals for one pixel. The number of the ?rst electrodes and 
the second electrodes provided to the light modulation device 
60 are not limited to six in the example shoWn in FIG. 23 and 
it can be changed to the suitable number such as tWo, four and 
the like. Thus, the number of the ?rst electrodes 61a, 61b, 61c 
and the second electrodes 62a, 62b and 620 can be selected 
optionally. Further, the light modulation devices 60 corre 
sponding to the number of pixels may be arrayed in the 
direction perpendicular to the longitudinal direction of each 
electrode, thereby forming a light modulation apparatus cor 
responding to the desired number of pixels. Speci?cally, the 
total number of the electrodes provided Within the light 
modulation apparatus is arbitrarily selected in response to the 
number of electrodes per pixel and the number of pixels of a 
target image to be displayed. 
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14 
An example of typical dimensions of the light modulation 

device 60 Will be described. For example, the Widths of the 
?rst electrodes 61a, 61b and 610 and the second electrodes 
62a, 62b and 620 are selected in the range of 3 to 4 um; a gap 
betWeen adjacent electrodes is selected to be about 0.6 pm; 
and the length of the electrode is selected in the range of 
approximately 200 to 400 pm. In this case, assuming that six 
electrodes correspond one pixel, the light modulation device 
for one pixel may have a Width of approximately 25 pm. 

In a one-dimensional light modulation apparatus capable 
of displaying 1080 pixels and Which is noW being put into 
practical use, a large number of electrodes corresponding to 
1080 pixels may be arrayed along the Width directions of the 
?rst electrodes 61a, 61b, 61c and the second electrodes 62a, 
62b and 620 shoWn in FIG. 23. 

It should be noted that tWo kinds of con?guration are 
proposed for the above-described diffraction grating light 
modulation apparatuses. One of the apparatuses is a light 
modulation apparatus having a typical arrangement in Which 
surfaces of respective electrodes are substantially ?ush With 
each other When not moved or bent. The other is a light 
modulation apparatus having blaZed gratings in Which 
respective electrodes are inclined and located With predeter 
mined angles from the reference plane (for example, substrate 
surface of light modulation apparatus). FIGS. 24 and 25 are 
schematic cross-sectional vieWs shoWing arrangement of 
examples of such light modulation apparatuses. In FIGS. 24 
and 25, elements and parts corresponding to those in FIG. 23 
are denoted by the same reference numerals and are not 
described repeatedly. While the number of the ?rst and sec 
ond electrodes corresponds to one pixel, is three respectively, 
in other Words, total six electrodes are provided in the 
examples shoWn in FIGS. 24 and 25, the number is not limited 
thereto. 

FIG. 24 is a schematic cross-sectional vieW shoWing an 
example of the light modulation apparatus having a typical 
arrangement. As shoWn in FIG. 24, When a moving amount 
Z1 of the second electrodes 62a to 620 is selected to be M4 (7» 
is a Wavelength of incident light), O-th order diffracted light 
(not shoWn) is re?ected in the direction opposite to the light 
incident direction and 1 ?rst-order diffracted lights Lr(+1) 
and Lr(—1) are re?ected as diffracted light. For example, 
When the wavelength 7» is 532 nm (7»:532 nm), a maximum 
moving amount of the second electrodes 62a, 62b and 620 is 
obtained by M4I133 nm. In the case Where the +?rst-order 
diffracted light alone is used, only a ray of diffracted light is 
focused on the screen through a spatial ?lter (not shoWn) and 
it can be used to display images. When the light modulation 
apparatus is not actuated (When a drive voltage is set to Zero), 
the +?rst-order diffracted light is not generated, so that such 
an OFF-state corresponds to a dark state of a screen, thereby 
making a display screen become black. Speci?cally, the mov 
ing amount Z1 of the second electrodes 62a, 62b and 620 is 
controlled by adjusting the drive voltage applied to the second 
electrodes 62a, 62b and 620 in response to image information 
supplied from the outside, thereby enabling the pixel to turn 
ON/OFF and gradation betWeen ON and OFF of the pixel to 
be displayed. 
On the other hand, in the light modulation apparatus having 

the blaZed gratings, as shoWn in FIG. 25, the respective elec 
trodes 61a to 610 and 62a to 620 are disposed With an incli 
nation of a predetermined angle 6 from a reference plane A, 
that is, plane parallel to the surface of a substrate (not shoWn) 
of the light modulation apparatus. Here, the angle 6 is pref 
erably selected to be an angle at Which a difference of height 
of adjacent electrodes becomes M4 (7» is a Wavelength of light 
in use) for the period corresponding to one electrode. Then, 



US 7,616,379 B2 
15 

When the light modulation apparatus is actuated, the second 
electrodes 62a, 62b and 620 are moved such that the respec 
tive surfaces of the adjacent pair of ?rst and second electrodes 
61a and 62a, 61b and 62b and 610 and 620 may become ?ush 
With each other. At that time, When the light modulation 
apparatus is operated such that a moving amount Z2 of the 
second electrodes 62a, 62b and 620 may become M4 for the 
wavelength 7» of incident light (that is, difference in level of 
M2 at the cycle of tWo electrodes), only the +?rst-order dif 
fracted light is emitted. Accordingly, only a ray of diffracted 
light can be focused on the screen through the spatial ?lter 
(not shoWn) using such +?rst-order diffracted light. Speci? 
cally, in the case Where the blazed grating light modulation 
apparatus is used, upon con?guration in Which a ray of dif 
fracted light is used, ef?ciency in using light canbe improved. 

Since the image generating apparatus is con?gured using 
the above-described one-dimensional light modulation appa 
ratus and the one-dimensional illumination apparatus accord 
ing to an embodiment of the present invention, the one-di 
mensional light modulation apparatus can be illuminated 
uniformly by dividing and superimposing light and the occur 
rence of interference fringes can be suppressed. Hence, light 
can be modulated satisfactorily and it becomes possible to 
generate excellent images Without deteriorating ef?ciency in 
using light. 

It should be noted that the image generating apparatus 
according to an embodiment of the present invention is not 
limited to the above-described example, as long as the one 
dimensional illumination apparatus according to an embodi 
ment of the present invention is included, the light modulating 
unit, the projection optical unit and the scanning optical unit 
can be modi?ed and changed. Also, an embodiment of the 
present invention is not limited to proj ection-type display 
apparatuses and can also be applied to laser printers capable 
of generating character information and images by draWing. 

Also, the present invention is not limited to the arrange 
ments described in the above-described embodiments and the 
number of assemblies, materials and arrangements of the 
optical elements in the Wavefront superimposing unit and the 
like in the one-dimensional illumination apparatus, for 
example, can be modi?ed and changed variously Without 
departing from the arrangements of the present invention. 

It should be understood by those skilled in the art that 
various modi?cations, combinations, sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are Within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A one-dimensional illumination apparatus comprising: 
a light source including a plurality of laser devices arrayed 

one-dimensionally; 
a Wavefront dividing unit including one or more cylindrical 

lens arrays for dividing a Wavefront of li ght emitted from 
the light source and superimposing divided Wavefronts; 

a Waveform superimposing unit for introducing light from 
the Wavefront dividing unit to an object and superimpos 
ing divided Wavefronts; and 

a polarization converting unit for rotating a plane of polar 
ization of one laser beam of a pair of adjacent laser 
beams divided by the Wavefront dividing unit, Wherein 

the polarization converting unit is located right in front of 
or right behind an optical element through Which laser 
light from the light source ?nally passes in the Wavefront 
dividing unit, and Wherein a divergence angle of an 
incident laser is increased relative to a coupling angle of 
the lens array. 

2. A one-dimensional illumination apparatus according to 
claim 1, Wherein an equation of 
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is satis?ed, Where 6 is an angle at Which each laser light 
emitted from each laser device of the light source is 
focused or caused to diverge, 11) is an angle at Which laser 
beams emitted from all the laser devices of the light 
source are focused or caused to diverge, and NA is a 
numerical aperture of a cylindrical lens array on the light 
incident side provided to the Wavefront dividing unit. 

3. A one-dimensional illumination apparatus according to 
claim 1, Wherein 

laser light emitted from one laser device of the light source 
is incident over tWo or more and less than four lens cells 
of the cylindrical lens array. 

4. A one-dimensional illumination apparatus according to 
claim 1, Wherein an equation of 

is satis?ed, Where 4) is a coupling angle of the cylindrical 
lens array, 6 is an angle at Which each laser light emitted 
from each laser device of the light source is focused or 
caused to diverge and 11) is an angle at Which laser beams 
emitted from all the laser devices of the light source are 
focused or caused to diverged. 

5. A one-dimensional illumination apparatus according to 
claim 1, Wherein 

a pitch P L of a lens cell of the cylindrical lens array is 
approximately dSC/ 2, Where dsc is a spatial coherence 
distance of laser light emitted from a laser device of the 
light source. 

6. A one-dimensional illumination apparatus according to 
claim 1, further comprising 

an optical element located in the vicinity of the Wavefront 
dividing unit and having a function of increasing an 
angle 6 at Which laser light emitted from each laser 
device of the light source diverges. 

7. A one-dimensional illumination apparatus according to 
claim 6, Wherein 

the cylindrical lens array, through Which laser light from 
the light source ?rst passes, in the one or more cylindri 
cal lens arrays has the function of the optical element. 

8. An image generating apparatus comprising: 
a light source; 
a one-dimensional illumination apparatus; 
a one-dimensional light modulation apparatus; 
a projection optical unit; and 
a scanning optical unit, Wherein 
the one-dimensional illumination apparatus includes; 
a light source including a plurality of laser devices arrayed 

one-dimensionally; 
a Wavefront dividing unit including one or more cylindrical 

lens arrays for dividing a Wavefront of light emitted from 
the light source and superimposing divided Wavefronts; 

a Waveform superimposing unit for introducing light from 
the Wavefront dividing unit to an object and superimpos 
ing divided Wavefronts; and 

a polarization converting unit for rotating a plane of polar 
ization of one laser beam of a pair of adjacent laser 
beams divided by the Wavefront dividing unit, Wherein 
the polarization converting unit is located right in front 
of or right behind an optical element through Which laser 
light from the light source ?nally passes in the Wavefront 
dividing unit, and Wherein a divergence angle of an 
incident laser is increased relative to a coupling angle of 
the lens array. 


